Bacterial CpG-DNA accelerates Alport glomerulosclerosis by inducing an M1 macrophage phenotype and tumor necrosis factor-α-mediated podocyte loss.
Loss of function mutations in the α3 or α4 chain of type IV collagen cause Alport nephropathy, characterized by progressive glomerulosclerosis. While studying the mechanisms that determine disease progression, we found that the evolution of kidney disease in Col4a3-deficient mice was associated with an influx of immune cell subsets including nonactivated macrophages. This suggested that intrarenal inflammation might accelerate Alport nephropathy. A possible mechanism might be the well-known enhancement of immune recognition by bacterial products. We found that exposure to bacterial endotoxin from 4 to 6 weeks of age did not affect disease progression, whereas an equipotent dose of cytosine-guanine (CpG)-DNA, a synthetic mimic of bacterial DNA, accelerated all aspects of Alport nephropathy and reduced the overall lifespan of Col4a3-deficient mice. This effect was associated with a significant increase of renal CD11b+/Ly6C(hi) macrophages, intrarenal production of inducible nitric oxide synthase, tumor necrosis factor (TNF)-α, interleukin-12, and CXCL10, and loss of podocytes. TNF-α was essential for acceleration of Alport nephropathy, as etanercept (a soluble TNF-α receptor) entirely abrogated the CpG-DNA effect. Thus, systemic exposure to CpG-DNA induces classically activated (M1) macrophages that enhance intrarenal inflammation and disease progression. Hence, factors that modulate the phenotype of renal macrophages can affect the progression of Alport nephropathy and, potentially, other types of chronic kidney diseases.